Methotrexate, tetracycline, gentamicin, streptomycin, and penicillin inhibited the growth of L5178Y murine leukemia cells in culture with I,, (concentration of drug that caused a 50% inhibition of growth at 72 h) values of 0.0028
The folate antagonist methotrexate is utilized for the chemotherapy of leukemia and other malignancies. Due to the low resistance of the leukemic patient to bacterial and viral infections, sustained use of antibiotics is required. In mice, antibiotics alter the metabolism of methotrexate by intestinal flora (12) , increase its intestinal excretion (12) , and increase methotrexate toxicity (H. Bruckner, Fed. Proc. 28:263, 1969) . Little is known concerning the effect antibiotics have on the susceptibility of the leukemic cell to methotrexate. Zager et al. (11) showed that antibiotics did not significantly alter the uptake of the antifolate by L1210 murine leukemia cells in vitro. However, these studies were of short duration and did not permit evaluation of the effect of prolonged exposure to antibiotics on the ability of methotrexate to inhibit cell growth or metabolism.
The L5178Y murine leukemia cell in culture was used as a model to investigate this question. The parameter examined was the I50 (concentration of drug that caused a 50% inhibition of growth at 72 h) for methotrexate in the presence and the absence of antibiotics. Penicillin, streptomycin, tetracycline, and gentamicin were chosen as representative of antibiotics used clinically and in the laboratory. The ability of these compounds to inhibit growth was also determined.
L5178Y cells were grown in Fischer medium (4), 10% with respect to horse serum, as described previously (1 Schering Corp., Bloomfield, N.J.) were prepared in medium plus serum. All solutions were resterilized by passage through 0.22-,um Swinnex filters (Millipore). Cultures in the logarithmic stage ofgrowth were harvested, resuspended, and exposed to drug(s) for 72 h. Growth of controls minus methotrexate and antibiotics was monitored every 24 h to verify that the growth pattern was normal. At 72 h, cell counts were taken and averaged, and the means were plotted against drug concentration. Counts from triplicate tubes within the same experimental group agreed within 10%. Each experiment was repeated at least twice. The inhibition of L5178Y cells by methotrexate and/or antibiotics is shown in Table 1 . Methotrexate had an I50 of 0.0028 ,ug/ml (6.2 x 10-9 M), which is in agreement with reported values (3). Each of the antibiotics also inhibited L5178Y growth. On a basis of micrograms per milliliter, tetracycline was the most potent (I50 = 7.9 ,g/ml), followed in order of decreasing efficacy by gentamicin (I51 = 200 jig/ml), streptomycin (I50 = 1,700 ,ug/ml), and penicillin (I50 = 3,000 ,ug/ml). Inhibition by tetracycline, gentamicin, and streptomycin was not surprising since these antibiotics produce metabolic alterations at various parts of the protein synthetic apparatus of bacteria (10) and each has known clinical cytotoxicity (6, 8, 9) . However, the concentrations necessary to produce inhibition, with the exception of tetracycline, limit the practicality of these observations. The IN0 for tetracycline is similar to serum levels of 3 to 5 ANTIMICROB. AGENTS CHEMOTHER. ,ug/ml maintained after oral administration of 500 mg every 6 h or to the peak of 5 to 10 ,g/ml obtained after 250 mg intravenously (6, 9) . The findings may prove relevant to the clinical cytotoxicity of tetracycline (6, 9) . The values for gentamicin and streptomycin, however, were 50 to 70 times greater than peak clinical levels of 3 to 4 and 25 to 30 ug/ml achieved with intramuscular administration of 40 mg of gentamicin/m2 (5, 8) or 1 g of streptomycin, respectively (8) . Assuming 1 U to be equivalent to 0.6 ,ug (7), the I50 for penicillin (5,000 U/ml) was 600 times the serum level of 8 U/ml achieved after 5
x 105 U intramuscularly (7) . For drug interaction studies, noninhibitory levels of each antibiotic were used. Penicillin and streptomycin were utilized at 60 Mg/ml (100 U/ml) and 100 ug/ml, respectively. Although these concentrations were higher than observed clinically (7, 8) , they conformed to levels in the original formulation of Fischer medium (4) and widely used in biochemical studies with L5178Y cells (1-3) . The levels of gentamicin and tetracycline were similar to those observed clinically (5, 6, 8, 9 Growth with these noninhibitory levels of antibiotics, singly or in combination, did not alter the I5. for methotrexate. Differences were not significant when analyzed by analysis of variance. Thus, although antibiotics may cause one or more subtle metabolic alterations, e.g., a decreased uptake of methotrexate by penicillin (11), they do not appear to grossly affect the long-term susceptibility of the dividing cell to the antifolate, as measured by the I5.
